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(54) PHOTOCyRABLE TYPE RESIN COMPOSITION FOR COATING OPTICAL FIBER 

(57)Abstract: 

BE SOLVED: To obtain a coating material for optical fibers high in Youngs 
modulus, low in water absorption ratio and reduced in amount of hydrogen generated, by using a 
photocurable type resin composition. 

SOLUTION: An optical fiber is indirectly coated through at least a primary coated layer with a 
photocurable type resin composition comprising (A) a polyurethane (meth)acrylate oligomer 
-20C polyol (hydrogenated dimer did. 1,2-hydroxystearyl alcohol, etc.) as a 
i3nt. (B) an ethylenic unsaturated compound and (C) a photopolymerization 
initiator and irradiated with light rays to give a coated optical fiber. The polyol component can 
be constitutec of (al) a 14-40 C polyol or its alkylene oxide additive or (a2) a mixture of the 

and another polyol. The component A may contain a polyurethane (meth)acrylate 
oligomer comprising a polyol component composed of a polyol except the polyol of the 
component (a - ). 
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[Claim(s)] 

[Claim 1] (A) Tj|e polyurethane (meta) acrylate oligomer which contains the polyol of carbon 

as a polyol component (B) ethylene nature unsaturated compound, and the photo- 
n constituent for optical fiber covering containing (C) photopolymerization initiator. 



[Claim 2] The phioto-curing mold resin constituent for optical fiber covering according to claim 1 



whose polyol of 



with which the 
hydroxy stearyl 
[Claim 4] a pol^ 
constituent for 



constituent for 
oligomer is eith 



(meta) acrylate 
is constituted 



numbers 14-4C 
(meta) acrylate 
[Claim 7] The 
hardening film 
[Claim 8] The 



stiffening said 



[Translation dene J 



carbon numbers 14-40 is the aliphatic series diol guided from the higher fatty acid. 



[Claim 3] The p noto-curing mold resin constituent for optical fiber covering according to claim 1 

polyol of carbon numbers 14-40 was chosen from hydrogenation dimer diol and 12- 
alcohol and which is a kind at least. 

ol component — the following (a1) — or (a2) the photo-curing mold resin 
optical fiber covering according to claim 1 which is either, 
(al) Mixture of the polyol of carbon numbers 14-40 or the polyol (a1) of the alkylene oxide adduct 
(a2) carbon numbers 14-40, and other polyols [claim 5] (A) The photo-curing mold resin 

optical fiber covering according to claim 1 whose polyurethane (meta) acrylate 
sr of following (AD - (A3). 
A polyol component The polyol of carbon numbers 14-40 (A1) Or the alkylene oxide adduct The 
polyurethane wiich consists of (al) Acrylate oligomer (Meta) A polyol component The polyol of 
carbon number^ 14-40 (A2) Said polyurethane (meta) acrylate oligomer by which the polyurethane 
oligomer (A3) polyol component which consists of mixture of (al) and other polyols 
1rom polyol (aD of carbon numbers 14-40 (A1). Mixture with the polyurethane (meta) 
acrylate oligomer by which the polyol component is constituted from other polyols other than the 
polyol (a!) of carbon numbers 14-40. 

[Claim 6] The fjhoto-curing mold resin constituent for optical fiber covering of the polyol of carbon 
according to claim 1 which is 1 - 50% of the weight of the whole polyurethane 
oligomer comparatively. 
iovered optical fiber by which the optical fiber is indirectly covered at least by the 
of a resin constituent according to claim 1 through the primary enveloping layer, 
covering approach of an optical fiber of covering an optical fiber with a resin 



constituent ac( wording to claim 1 indirectly through a primary enveloping layer at least, and 



esin constituent by optical exposure. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cladding material for optical fibers with few 
low water abso ption and hydrogen yields, and an ultraviolet curing mold resin constituent useful 
in order to form secondary covering, tape material, a drop wire cladding material, a waterproofing 
fiber cable clac ding material, and submarine cable shock absorbing material especially. 
[0002] 

[Description of the Prior Art] The glass fiber used for an optical fiber not only tends to get 
damaged very easily, but optical transmission loss becomes large by contamination. For this 
reason, in orde ■ to protect and reinforce glass fiber, immediately after drawing of glass fiber, it is 
soft on that frc nt face, and the 2nd order is covered with the ultraviolet curing mold resin which 
has high Young s modulus, after covering the 1st order with the ultraviolet curing mold resin of 
the small urethane (meta) acrylate system of temperature dependence with low Youngs 
modulus. Since an optical fiber is furthermore identified, the 3rd order may be covered with color 
material- One f ber coated including this 3rd covering is called fiber strand. Furthermore, several 
fiber strands are bundled, what was made into the shape of a tape by tape material is called tape 
core wire, and jltraviolet curing mold resin is used also as the tape-ized material. Furthermore, 
two or more [ of this tape core wire ] are contained, and it is used as an optical cable. Moreover 
the optical fiber for drawing in ordinary homes etc. is called the drop wire, the pulling-down line, 
etc., and the w re which covered thickly 1 or 2-3 fiber strands with ultraviolet curing mold resin 
with high Youn $'s modulus also on this drop wire is used. 

[0003] These c ptical cables and drop wires are used under various kinds of environments. 
Especially, in a duct and a manhole, an optical cable is under water in many cases, and since a 
drop wire is also used outdoors, it will be exposed to the bottom of storm sewage or heat and 
high humidity, n order to prevent that the reinforcement of an optical fiber falls by water 
absorption of < cladding material under such an environment, many water-tight cables filled up 
with waterproof packaging in the cable are used. However, it is difficult to continue only by 
waterproof packaging at a long period of time, and to intercept water completely, degradation and 
the fall on the strength of a cladding material by water, expansion of the cladding material by 
water absorption, and in being remarkable, bubble and exfoliation occur, and it becomes the 
cause of reducing a transmission characteristic. 

[0004] On the other hand, in order to raise the productivity of an optical fiber, a cure rate is 
quick and the t esin enough hardened also in the amount of low UV irradiation is called for. For 
example, it has polar groups which use a photoinitiator with high activity, such as an approach 
(JP.6-70113.B and N-vinyl pyrrolidone, and concomitant use (JP,1-1 9694.B. JP.6-701 13,B) of 
the vinyl mono Tier of strong hydrogen bond nature etc. is proposed. However, if many vinyl 
monomers, sue h as N-vinyl pyrrolidone, are used, naturally, water absorption will become high 
and it will becc me very difficult to obtain the cladding material of low absorptivity. 
[0005] Moreover, in a secondary cladding material, tape material, and the cladding material for 
drop wires, sin ^e the hardened material nature of high Young's modulus is needed, the approach 
(JP,5-163318,A) of raising the concentration of a polar high urethane group is proposed. 
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However, since this approach also raises the polarity of a cladding material, the amount of 
hydrogen gener ation of gas increases it not only becomes difficult to obtain the cladding material 
of low water ab sorption, but, and elongation of a cladding material also must be made into a 
sacrifice. If con ;entration of a urethane group is made very small, although the cladding material 
of low water ab sorption will be obtained, it becomes difficult only for the cladding material of low 
Young's modulus to be obtained conversely, but to obtain the cladding material of high Young's 
modulus. 

[0006] Furthernore. generating of hydrogen gas brings about the increment in optical 
transmission loss, namely, — since the diffusion coefficient [ as opposed to resin or glass in 
hydrogen gas ] is large — anticipated-use conditions — the inside of a quartz fiber hydrogen 
— being spreac — principal component Si02 of a quartz fiber Ge02 which is a dopant etc. ~ it 
is caught by thu defective part and it is thought that transmission loss increases. Therefore, it is 
required for the ultraviolet curing mold resin constituent for optical fiber covering that there are 
few amounts oi hydrogen generation of gas. The covering material for glass fiber which contains 
in JP.2-1 161 1.A the compound which has ethylene nature unsaturated bonds, such as urethane 
acrylate, the ac rylate which has a piperidine ring (meta), and antioxidants, such as a phenolic 
antioxidant and a sulfur system anti-oxidant, is indicated. The amount of hydrogen generation of 
gas can also reduce such a resin constituent. However, by addition of an antioxidant, a cure rate 
falls or a gel milar fraction falls. Therefore, it becomes difficult to reduce the amount of 
hydrogen generation of gas, maintaining the high property of a photo-setting resin constituent. 
[0007] Convenl ionally, the polyurethane (meta) acrylate which used the polytetramethylene 
ether glycol (it may only abbreviate to PTMEG hereafter) as the base, and the polyurethane 
(meta) acrylate which used the polypropylene ether glycol (it may only abbreviate to PPG 
hereafter) as the base are used for the cladding material for optical fibers. Although PTMEG 
system polyurethane (meta) acrylate is excellent in hardenability and shows a comparatively high 
elastic modulus , since crystallinity is strong, crystallization takes place during storage and it has 
not only reduciig workability but many hydrogen yields. Moreover, although PPG system 
polyurethane (meta) acrylate is excellent in workability with hypoviscosity. it is inferior to 
hardenability, tiermal resistance, and low absorptivity. 

[0008] Thus, it is requested for the cladding material for optical fibers that water absorption is 
low and there jire few amounts of hydrogen generation of gas. Therefore (meta), it is the 
copolymer of acrylic ester and a diene compound. The polyurethane (meta) acrylate (JP.63- 
74940.A) which has the structure guided from the copolymer which has hydroxyl, The 
polyurethane (meta) acrylate (JP,4-74735.A) which contains the Pori (oxy-) butylene glycol as a 
polyether polyol component is used, and the method of reducing water absorption and the 
amount of hydrogen generation of gas is tried. However, as the secondary cladding material 
which only the cladding material of a low elastic modulus is obtained, but needs the rate of high 
elasticity by tfrese approaches, tape material, and an object for drop wire cladding materials, it is 
not desirable. Moreover, the approach of using the polyurethane (meta) acrylate which used 
polyether polycarbonate diol as a polyol component as the secondary cladding material and tape 
material of high Young's modulus is proposed (JP.6-313022.A). However, it is hard to say that 
the cladding material by the above-mentioned polyurethane (meta) acrylate has water absorption 
and the low amount of hydrogen generation of gas. 

[0009] It is ind cated that the adhesion over base materials (a printing side, polypropylene, etc. of 
offset ink) witt the polyurethane acrylate low [ surface tension ] which used the hydrogenation 
dimer diol which hydrogenated the dimer acid of a carbon number 36 for JP,4-77514,A is high, 
and the absorptivity of the hardening film is small. However, having the various demand physical 
properties (th€re being elongation with high Young s modulus and they being low water 
absorption, th< outbreak of low hydrogen, etc.) over the cladding material for optical fibers is not 
indicated. It is indicated by JP.5-262848.A that the polyurethane (meta) acrylate which used as 
the base polyester polyol which has the dimer acid residue which may be hydrogenated is 
excellent in low absorptivity and warm water-proof aging nature. However, since the polyester 
polyol which h is an ester bond in a molecule principal chain is used, if long duration neglect is 
carried out in hydrolysis, especially high temperature hot water, hydrolysis will arise, and coat 
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physical properties, such as elongation, fall remarkably, continue at a long period of time, and 
cannot maintain high dependability. 

[0010] It is indicated that the polyurethane (meta) acrylate which used the with a mean 
molecular weight of 500 or less which does not have a polymerization nature vinyl group end OH 
compound (for example, polyhydric alcohol, such as 1, 10-Deccan diol, and a 4.4'-methylenebis 
cyclohexanol) f or JP,4-310545,A gives the secondary cladding material which has elongation with 
high Young's modulus, and tape material. However, the molecular weight of an end OH compound 
is small, and it s 2 100-300kg/mm. In order to consider as the rate of high elasticity, it is very 
difficult for the concentration of the urethane group of polyurethane (meta) acrylate oligomer to 
become inevitable very high, and to obtain the cladding material of low water absorption and the 
low hydrogen gsneration of gas. 
[0011] 

[Problem(s) to 3e Solved by the Invention] Therefore, the purpose of this invention can reduce 
the amount of lydrogen generation of gas with low water absorption, and is to offer the photo- 
curing mold res in constituent for optical fiber covering which can form the cladding material of 
high Young's modulus. Even if other purposes of this invention use together the high acrylic 
monomer of absorptivity, such as N-vinyl pyrrolidone, or the concentration of a urethane group 
makes them hu;h, they are to offer the photo-curing mold resin constituent for optical fiber 
covering which can form the cladding material of low water absorption. The purpose of further 
others of this invention has the addition of additives, such as an antioxidant, in offering zero 
thru/or the photo-curing mold resin constituent for optical fiber covering which can reduce the 
amount of hydrogen generation of gas, maintaining a high photoresist even if little. Another 
purpose of this invention is to offer the photo-curing mold resin constituent for optical fiber 
covering which gives the secondary cladding material, the tape material, the drop wire cladding 
material, the waterproofing fiber cable cladding material, and submarine cable shock absorbing 
material of higf Young's modulus. Other purposes of this invention are to offer the covering 
approach of tho optical fiber which can control the increment in the transmission loss in an 
optical fiber, and an optical fiber. 
[0012] 

[Means for Solving the Problem] In order to attain said purpose, when the polyurethane (meta) 
acrylate which contains the long-chain polyol of aliphatic series as a polyol component was 
wholeheartedly used as a result of examination, this invention persons find out that the 
ultraviolet curing mold resin constituent for optical fiber covering which gives the cladding 
material which *ater absorption and a hydrogen yield reduced is obtained, and came to complete 
this invention. 

[0013] That is. the photo-curing mold resin constituent for optical fiber covering of this invention 
contains the pc lyurethane (meta) acrylate oligomer which contains the polyol (14 to C40 polyol) 
of carbon numbers 14-40 as a (A) polyol component, (B) ethylene nature unsaturated compound, 
and (C) photop ^lymerization initiator. Said 14 to C40 polyols may be the aliphatic series diol 
guided from thd higher fatty acid, for example, hydrogenation dimer diol, 12-hydroxy stearyl 
alcohol, etc. Said polyol component may be the mixture of 14 to C(al) 40 polyol, its alkylene 
oxide adduct or (a2) 14 to C40 polyol (a1), and other polyols. Furthermore, (A) polyurethane 
(meta) acrylate oligomer may be either of following (A1) - (A3). 

A polyol compcnent 14 to C40 polyol (A1) Or the alkylene oxide adduct The polyurethane which 
consists of (al; Acrylate oligomer (Meta) A polyol component 14 to C40 polyol (A2) Said 
polyurethane (neta) acrylate oligomer by which the polyurethane (meta) acrylate oligomer (A3) 
polyol compone nt which consists of mixture of (al) and other polyols is constituted from CI 4-40 
polyol (a1) (A1). Mixture with the polyurethane (meta) acrylate oligomer by which the polyol 
component is constituted from other polyols other than C14-40 polyol (a1). 
The rate of sai i 14 to C40 polyol is about 1 - 50% of the weight of the whole polyurethane 
(meta) acrylate oligomer. This invention also offers the covering approach of the covered optical 
fiber by which 1 he optical fiber is indirectly covered by the hardening film of a resin constituent 
according to cl iim 1, and the optical fiber which an optical fiber is indirectly covered [ optical 
fiber ] with a re sin constituent according to claim 1 through a primary enveloping layer at least, 
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and stiffens said resin constituent by optical exposure through a primary enveloping layer at 
least. In addition, in this specification, an acrylic monomer and an methacrylic system monomer 
are named gemsrically as an acrylic (meta) monomer. 
[0014] 

[Embodiment o r the Invention] The photo-curing mold resin constituent of this invention used 
suitable for covering of an optical fiber consists of (A) polyurethane (meta) acrylate oligomer, a 
(B) ethylene nature unsaturated compound, and a (C) photopolymerization initiator. These 
components (A), (B), and (C) are explained. 

[0015] In [(A) polyurethane (meta) acrylate oligomer] this invention, polyurethane (meta) acrylate 
oligomer can bo obtained by the urethaneHzed reaction of the acrylate which has the polyol 
component, the poly isocyanate, and hydroxyl which contain the polyol (it may only be hereafter 
called 14 to C40 polyol or aliphatic series macromolecule polyol) of carbon numbers 14-40 at 
least (meta). the weight average molecular weight of polyurethane (meta) acrylate oligomer — 
200-20000 — it is 300 to about 10000 preferably. [ for example, ] 

[0016] Said pol/urethane (meta) acrylate oligomer can be divided roughly into the three following 
modes. 

The polyurethaie (meta) acrylate oligomer by which the polyol component is constituted from 14 
to C40 polyol (,i1) B (A1) The polyurethane (meta) acrylate oligomer by which a polyol component 
is constituted Irom mixture of 14 to C40 polyol (a1). and other polyols (a2), (A2) And said 
polyurethane (meta) acrylate oligomer by which (A3) polyol component is constituted from C14- 
40 polyol (a1) (A1), Mixture with the polyurethane (meta) acrylate oligomer by which the polyol 
component is constituted from other polyols (a2) other than C14-40 polyol (a1). 
[0017] In the a ode of polyol component aforementioned (A1) - (A3) to the polyot of carbon 
numbers (a1) 1 4-40 Saturation or partial saturation aliphatic series polyol (especially aliphatic 
series diol) guided from the higher fatty acid, For example, the mono-myristin (1-mono- 
myristin .2-mono-myristin), A mono-palmitin (a 1 -mono-palmitin, 2-mono-palmitin), monostearin 
(1-monostearir , 2-monostearin), A mono-olein (a 1-mono-olein. 2-mono-olein). hydrogenation 
dimer diol. 12- lydroxy stearyl alcohol, 9, 10-dioxy stearin acid, 12-hydroxy ricinoleyl alcohol, 1, 
2-hexadecane diol, 1, 1 6-hexadecane diol (the catalytic-reduction object of a JUNIPERIN acid, 
or catalytic-re faction object of a TAPUSHIA acid), 1 and 21-HENIKOSAN diol (catalytic- 
reduction object of japanic acid), chimyl alcohol, batyl alcohol (hydrogenation object of a selachyl 
alcohol), a selachyl alcohol, etc. are contained. Such aliphatic series giant-molecule diols are 
independent, or they can be used, combining them two or more sorts. With a carbon number of 
about 16 to 38 diol, for example, hydrogenation dimer diol, monostearin, 12~hydroxy stearyl 
alcohol, etc. ar* contained in desirable aliphatic series giant-molecule polyol. Hydrogenation 
dimer diol is th5 amount end diol of giant molecules (the amount end diol of giant molecules 
which hydrogeriated especially the high grade dimer acid of a carbon number 36) which 
hydrogenated the dimerized fatty acid, and the structure of the main component can be 
expressed withj a bottom type (i) and (ii). 
[0018] 
[Formula 1] 



«3 iCB 2>8- 



The typical rat 
hydrogenation 
said formula (ii 
item of hydrogtn 



K-(G^) 7 CHgQH 



(i) 



(ii) 



of SHIORU expressed with the diol which especially the presentation rate of 
imer diol is not restricted, for example, is expressed with said formula (i), and 
may be for example. (i)/(ii)=/[ about 3/] 1 (weight ratio) extent. As a commercial 
ation dimer diol. "dimer diol KX-501" (Arakawa Chemical industry), 
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-IP-1OO0" (Toagosei, Inc.). etc. are mentioned, for example. As a commercial item 
stearyl alcohol. "ROKUSA Norian" (Henkel Hakusui, Inc.) is mentioned. In addition. 
) scially diol) guided from a higher fatty acid does not need to be the isolated pure 
may be used as a polyol constituent which contains aliphatic series 
polyol as a principal component (for example, 60 - 100 % of the weight, preferably 
75 - 100 % of tie weight). 

[0019] Furthermore, aliphatic series (a1) giant-molecule polyol is usable as an adduct, adducts 
with ethylene c arbonate, and such mixture with alkylene oxide (for example. C 2-5, such as 

propylene oxide, butylene oxide, a tetrahydrofuran, and 3-methyl tetrahydrofuran 
Especially, the adduct of aliphatic series giant-molecule polyol (even inside 
giant-molecule diol) and alkylene oxide is desirable. Propylene oxide, butylene 
oxide, and a tetrahydrofuran are contained in desirable alkylene oxide, there are few amounts of 
hydrogen generation of gas at low absorptivity, and propylene oxide is desirable in order to form 
the cladding material of high Youngs modulus, an alkylene oxide adduct — setting — the 
content of aliphatic series macromolecule polyol residue — for example, it is about 15 - 70 % of 
the weight still more preferably ten to 80% of the weight preferably five to 90% of the weight, the 
average molecular weight of polyol including an aliphatic series macromolecule polyol unit — 
about 230-10030 [ for example. ] — it is 286 to about 5000 preferably, the rate of aliphatic 
series macromolecule polyol — the class of aliphatic series macromolecule polyol — responding 
— rt can choose — for example, the polyurethane (meta) acrylate whole — it can choose from 
about 3 - 30% of the weight of the range still more preferably two to 40% of the weight preferably 
one to 50% of the weight, for example, hydrogenation dimer diol — 3 - 30% of the weight of the 
whole polyurethane (meta) acrylate — desirable — about 5 - 25 % of the weight — it is — 12- 
hydroxy steary alcohol — 1- of the whole polyurethane (meta) acrylate — it is about 2 - 10 % 
of the weight preferably 14% of the weight. If there are too few contents of aliphatic series 
macromolecule polyol, both water absorption and a hydrogen yield will become high, and if many 
[ too ]. the hardness of the hardening film becomes hard too much, elongation is not discovered, 
either, and it is not suitable for the application as secondary covering, tape material, or a drop 
wire. 

[0020] In the polyurethane (meta) acrylate of said mode (A2) (A3), active hydrogen compounds, 
such as polyether polyol, polyester polyol. polycarbonate polyol. and comparatively low-molecular 
polyol [ethylen * glycol, propylene glycol, butanediol, hexandiol, an ethylene screw (hydroxyethyl 
sulfide), etc.], t re mentioned as other usable polyols (a2) combining aliphatic series 
macromolecule polyol (al). As polyol (a2), pressure of business of the polyether polyol is carried 
out. 

[0021] As polyijther polyol, the homopolymer of alkylene oxide (for example, C 2-5, such as 
ethylene oxide, propylene oxide, butylene oxide, a tetrahydrofuran, and 3-methyl tetrahydrofuran 
alkylene oxide) or a copolymer, the alkylene oxide adducts (for example, propylene oxide, 
butylene oxide, a tetrahydrofuran, etc.) of bisphenol A, the alkylene oxide adducts (for example, 
propylene oxido, butylene oxide, a tetrahydrofuran, etc.) of hydrogenation bisphenol A. etc. are 
mentioned, for example. Such polyether polyols are independent, or they can be used, combining 
them two or m >re sorts. In desirable polyether polyol, it is C 2-4. Alkylene oxide, especially C 3- 
4 Independent ar the copolymer (copolymer of a polyoxypropylene glycol, a polytetramethylene 
ether glycol, a ;etrahydrofuran t and propylene oxide) of alkylene oxide (propylene oxide and 
tetrahydrofuran) is contained. The weight average molecular weight of polyether polyol is 200 to 
about 10000. 

[0022] As polyester polyol, for example A diol component for example, ethylene glycol, propylene 
glycol, and a di ethylene glycol — Dipropylene glycol, tetramethylene glycol, 1,5-pentanediol. 3- 
methyM,5-peritanediol, 1,6-hexanediol, neopentyl glycol, the alkylene oxide addition product of 
bisphenol A, ets.. An addition reaction object with lactone (for example, epsilon-caprolactone, 
delta-valerolactone, a beta-methyl-delta-valerolactone, etc.); The above-mentioned diol 
component, a c ibasic-acid component (a succinic acid, an adipic acid, an azelaic acid, and a 
sebacic acid — ) Aliphatic series dicarboxylic acid, such as dodecane diacid, hexahydrophthalic 
acid, a tetrahydrophtal acid, A resultant with aromatic series dicarboxylic acid, such as a phthalic 
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acid, isophthalie acid, and a terephthalic acid, etc.; the addition reaction product of three 
components of rthe above-mentioned diol component, the above-mentioned dibasic-acid 
component, and lactone etc. is mentioned. In addition, polyester polyol can be used in the 
quantitative range which does not have a bad influence on absorptivity etc. 
[0023] As polycarbonate polyol. for example The above-mentioned polyether polyol. polyester 
polyol and a did component (2-methyl propanediol — ) Dipropylene glycol, 1 ,4-butanediol, 1,6- 
hexanediol. 3-methyl-1.5-pentanediol, neopentyl glycol, 1. 5-octanediol. 1. 9^nonane diol, 1.10- 
dodecane diol, A 12~hydroxy stearyl alcohol. 1. and 4-screw~(hydroxymethyl) cyclohexane etc. 
and short chair dialkyi carbonate The polycarbonate diol obtained by (for example, the reaction 
with C1-4 alkyl carbonate, such as dimethyl carbonate and diethyl carbonate, etc.) is mentioned. 
Furthermore, polyether diol. polyester diol. etc. which are the resultant which alkylene oxide 
(ethylene oxide propylene oxide, butylene oxide, etc.) and lactone (epsilon-caprolactone, beta- 
methyl-delta-valerolactone, etc.) added can be used to said polycarbonate polyol. As a 
commercial item of polycarbonate diol, "Desmophen 2020E" (the Sumitomo Bayer make), "DN- 
980", "DN-982\ "DN-983" (product made from Japanese Polyurethane), etc. are mentioned, for 
example. 

[0024] In the aforementioned (A1) polyurethane (meta) acrylate oligomer, aliphatic series 
macromolecule polyol (al) is used as a polyol component. In said mode (A2) polyurethane (meta) 
acrylate oligom 5r the rate of aliphatic series macromolecule polyol (a1) and other polyols (a2) It 
can choose in the range in which the rate of the aliphatic series macromolecule polyol in 
polyurethane (meta) acrylate oligomer serves as said content. (a1) / (a2) =5 / 95 - 95/5 (weight 
ratio) — desirable — 10 / 90 - 90/10 (weight ratio) — it is 75/[ 25/75 - ] 25 (weight ratio) 
extent still mors preferably. [ for example, ] Furthermore, in said mode (A3) t the rate of the 
aliphatic series macromolecule polyol in polyurethane (meta) acrylate oligomer mixture (A3) can 
also choose thr rate of the polyurethane (meta) acrylate oligomer (Al) using aliphatic series 
macromolecule polyol (a1), and the polyurethane (meta) acrylate oligomer using other polyols 
(a2) in the rang 5 used as said content, the rate of polyurethane (meta) acrylate oligomer (A1) 
and the polyurethane (meta) acrylate oligomer using other polyols (a2) — the former / latter 
=5 / 95 - 95/5 (weight ratio) — desirable — 10 / 90 - 90/10 (weight ratio) — it is 80/[ 20/80 - 
] 20 (weight rat o) extent still more preferably. [ for example, ] 

[0025] As acrylate which has the acrylate hydroxyl which has hydroxy! (meta) (meta) For 
example, hydro: cyalkyl (meta) acrylate [, for example, 2-hydroxyethyl (meta) acrylate, 2- 
hydroxypropyl (meta) acrylate. 3-hydroxypropyl (meta) acrylate. 2-hydroxy butyl (meta) acrylate, 
4-hydroxy buty (meta) acrylate, Pentanediol monochrome (meta) acrylate, hexandiol 
monochrome (meta) acrylate, ], such as hydroxy-C2-10 alkyl (meta) acrylate, such as neopentyl 
glycol monochrome (meta) acrylate, 2-hydroxy-3-phenyloxy propyl (meta) acrylate, 2- 
hydroxyalkyl (mjeta) acryloyl phosphate. 4-hydroxy cyclohexyl (meta) acrylate, TORIMECHI roll 
pro pansy (meta) acrylate, pen TAERISURITORUTORI (meta) acrylate, etc. are mentioned. The 
compound furthermore generated by the addition reaction of a glycidyl group or epoxy group 
content compounds (for example, alkyl glycidyl ether, allyl glycidyl ether, glycidyl (meta) acrylate, 
etc.), and an acylic acid (meta) is also mentioned. These hydroxyl content (meta) acrylate is 
independent, or it can be used, combining it two or more sorts, the acrylate which has desirable 
hydroxyl (meta) — hydroxy C2-4 alkyl (meta) acrylate — they are 2-hydroxyethyl (meta) 
acrylate, 2~hydi oxypropyl (meta) acrylate, etc. especially. 

[0026] Aromatic series poly isocyanate, aroma aliphatic series poly isocyanate. alicycle group 
poly isocyanate aliphatic series poly isocyanate, etc. are contained in the poly isocyanate poly 
isocyanate. As >oly isocyanate, diisocyanate is used widely. 

[0027] As aromatic series diisocyanate, m-phenylene diisocyanate, p-phenylene diisocyanate, 4, 
and 4-diphenyl diisocyanate, 1 ,5-naphthalene diisocyanate, 4,4'-diphenylmethane diisocyanate, 2 
and 4 or 2, 6-tc lylene diisocyanate, 4, and 4'— toluidine diisocyanate, 4-4 - 
diphenyletherdiisocyanate, etc. are mentioned, for example. As aroma **** poly isocyanate, 
triphenylmethar e color -4, 4\ 4"-trHsocyanate. 1 and 3. 5-trHsocyanate benzene. 2 and 4, 6- 
tri-isocyanate toluene, 4. and 4'^diphenylmethane -2, 2\ 5, and 5'-tetra-isocyanate etc. can be 
illustrated, for example. 
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[0028] As aroma aliphatic series diisocyanate, 1 and 3- or 1. and 4-xylylen© diisocyanate or its 
mixture, omega and omega '-diisocyanate -1, 4-diethylbenzene, 1, and 3- or 1, and 4-screw (1- 
isocyanate-1-niethylethyl) benzene or its mixture can be mentioned, for example. As aroma 
aliphatic series poly isocyanate, 1, 3 f and 5-trHsocyanate methylbenzene etc. is mentioned, for 
example. 

[0029] As alicyole group diisocyanate, they are 1. 3-cyclopentene diisocyanate, 1 f 4-cyclohexane 
diisocyanate, 1. 3-cyclohexane diisocyanate, and 3-isocyanate methyl, for example. - 3, 5 f and 
5-trimethyl cyclohexyl isocyanate (iso HOROJI isocyanate), 4,4'-methylenebis (cyclohexyl 
isocyanate), methyl ~2, 4-cyclohexane diisocyanate, methyl -2, 6-cyclohexane diisocyanate, 1. 

ocyanate methyl) cyctohexane etc. can be mentioned. As alicycle group poly 
•xample 1, 3. 5-trHsocyanate cyclohexane, 1, 3, a 5-trimethyl isocyanate 
cyclohexane, 2- -(3-isocyanate propyl)-2, a 5-JI (isocyanate methyl)-bicyclo (2.2.1) heptane. 2r 
(3-isocyanate f ropyl)-2. a 6-Jl (isocyanate methyl)-bicyclo (2.2.1) heptane, 3-(3-isocyanate 
propyl)-2, a 5-Jl (isocyanate methyl)-bicyclo (2.2.1) heptane, 5-(2-isocyanate ethyl)-2- 
isocyanate metiyl -3 -(3-isocyanate propyl)- Bicycle (2.2.1) heptane. 6-(2-isocyanate ethy!)-2- 
isocyanate metiyl -3 -(3-isocyanate propyl)- Bicycle (2.2.1) heptane. 5-(2-isocyanate ethyl)-2- 
isocyanate met lyl -2 -(3-isocyanate propyl)- Bicyclo (2.2.1 )-heptane, 6^(2-isocyanate ethyl)-2- 
isocyanate met lyl -2 -(3-isocyanate propyl)- A bicyclo (2.2.1) heptane etc. can be illustrated. 
[0030] As aliph atic series diisocyanate, trimethylene diisocyanate, tetramethylene di-isocyanate. 
hexamethylene di-isocyanate, pentamethylene diisocyanate, 1, 2-propylene diisocyanate, 1, 2- 
butylene diisocyanate, 2, 3-butylene diisocyanate, 1, 3-butylene diisocyanate, 2 and 4. 4- or 2 
and 2, 4-trimet iy|-hexamethylene-di-isocyanate. 2. and 6-diisocyanate methyl KAPUTOROETO 
etc. can be mentioned, for example. As aliphatic series poly isocyanate, it is lysine ester tri- 
isocyanate, 1 a id 4. 8-trHsocyanate octane, 1 and 6. 1 1-trHs ocyanate undecane, 1, a B- 
diisocyanate-4 -isocyanate methyl octane, 1 and 3, 6-tri-isocyanate hexane, 2 and 5, and 7- 
trimethyl, for e; cample. -A 1 and 8-diisocyanate-5-isocyanate methyl octane etc. can be 
illustrated. 

[0031] Furthermore, the derivative of an isocyanate compound can also be used. As a derivative 
of an isocyanale compound, the adduct of a dimer, a trimer. a buret, allophanate, a carbodiimide, 
polymethylene ^olyphenyl polyisocyanates (KURUDO MDI, c-MDI, polymeric MDI, etc.), KURUDO 
TDI, and an isocyanate compound and low-molecular-weight polyol etc. can be mentioned, for 
example. 

[0032] Diisocy* nate (for example, aliphatic series diisocyanate. such as alicycle group 
diisocyanate, s Jch as aromatic series diisocyanate. such as tolylene diisocyanate and 4,4 T - 
diphenylmethar e diisocyanate, and iso HOROJI isocyanate, and hexamethylene di-isocyanate 
etc.) is used among these poly isocyanates in many cases. 

[0033] In addition, polyurethane (meta) acrylate oligomer can be prepared by making said 
component react. The rate of each component which constitutes polyurethane (meta) acrylate 
oligomer For ex ample, one mol (NCO radical) of isocyanate radicals of the poly isocyanate is 
received. 0.1-0 8 mols (OH radical) of hydroxyls of a polyol component — desirable — 0.2-0.7 
mols — especi ally — 0.3-0.8 mols are about 0.5-0.8 mols especially preferably about 0.2-0.5 
mols and 0.2-0 9 mols of hydroxyl content (meta) acrylate. Moreover, after especially the 
reaction approach of said component was not restricted, but may carry out package mixing, may 
make each component react and makes one of components react among the poly isocyanate, 
and a polyol component and hydroxyl content (meta) acrylate, it may make the component of 
another side re act further. 

[0034] An uret iane-ized catalyst may be used on the occasion of a reaction. As an urethane- 
ized catalyst an amine system catalyst, a tin system catalyst a lead system catalyst, etc. can 
be used. As an amine system catalyst, for example Triethylamine. N, and N-dimethyl 
cyclohexylamine, The N, N, N\ N'-tetramethyl-ethylene-diamine. N and N, N\ and N'-tetramethyl 
propane -1, 3- iiamine. The N, N, N', and N'-tetramethyl hexane -1, 6-diamine, N and N. N'. 
N"N"-pentamethyl diethylenetriamine, N, N, N\ N"N"-pentamethyldipropylene triamine, A 
tetramethyl gumidine, triethylenediamine, N, and N-dimethyl piperazine. An N-methyl-N'-(2- 
dimethylamino* thyl) piperazine. N-methyl morpholine. N-(N" and N -dimethylaminoethyO 
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morpholine, 1. ^-dimethyl imidazole. 1 and a 8-diazabicyclo-(5.4.0)-UNDESE-7-en (DBU and this 
phenol salt — ) Diazabicyclo, such as an octylic acid salt -(2.2.2)- Octane (DABCO), 
Dimethylamino sthanol, dimethylamino ethoxy ethanol, N and N, N'-trimethylaminoethyl 
ethanolamine, ^n N-methyl-N'-(2-hydroxyethyl) piperazine, N-(2-hydroxyethyl) morpholine. The 
screw (2-dimet lylaminoethyl) ether, the ethylene glycol screw (3-dimethylaminopropyl) ether, 
the screw (morphoiino ethyl) ether the screw (2, 6-dimethyl morpholino ethyl) ether, etc. are 
mentioned. As '< tin system catalyst, stannous octoate, dibutyl tin diacetate, a dibutyl tin JIRAU 
rate, dibutyl tin mercaptide, dibutyl tin thiocarboxylate, dibutyl tin dimaleate, dioctyl tin 
mercaptide. dioctyl tin thiocarboxylate, etc. are mentioned, for example. 2~ethylhexanoic acid 
lead etc. can be illustrated as a lead system catalyst A tin system catalyst and an amine system 
catalyst (the th rd class amine catalyst which has especially two or more nitrogen atoms) are 
desirable amon*; these catalysts. The addition of an urethane-ized catalyst is about 0.002 - 0.2 % 
of the weight preferably 0.001 to 0.5% of the weight to urethane oligomer. 
[0035] As a [(B> ethylene nature unsaturated-compound] ethylene nature unsaturated 
compound, it fuictions as a reactant diluent and the polymerization nature compound of a liquid 
or a solid-state can be used at a room temperature (about 15-30 degrees C). A monofunctional 
nature compound, a Afunctional compound, and a polyfunctional compound are contained in an 
ethylene nature unsaturated compound. 

[0036] To a mo afunctional nature compound (monofunctional polymerization nature diluent) For 
example, heterc cycle type ethylene nature unsaturated-compound [. for example, N-vinyl 
pyrrolidone, N-vinyl heterocyclic compounds, such as N-vinylpyridine and N-vinyl caprolactam. ], 
N-vinyl acetamide. and dialkyl aminoethyl (meta) acrylate [ — for example, [, such as heterocycle 
type (meta) acrylate. such as morpholine (meta) acrylate and tetrahydrofurfuryl (meta) 
acrylate, ] ] [, sjch as dimethylaminoethyl (meta) acrylate and diethylaminoethyl (meta) 
acrylate. ]. N, and N'-dimethyl acrylamide and alkoxy (Pori) alkylene glycol (meta) acrylate [ — for 
example Metho::y ethylene glycol (meta) acrylate. methoxy polyethylene-glycol (meta) acrylate, ] 
and alkyl phenocy ethyl (meta) acrylate [ — for example. [. such as butoxy polyethylene-glycol 
(meta) acrylate, ] ] and phenoxy (Pori) alkylene glycol (meta) acrylate [ — for example, [, such as 
nonylphenoxyetiyl (meta) acrylate. ] ] and alkyl (meta) acrylate [ — for example, [, such as 
phenoxy ethyl ( neta) acrylate and phenoxy polyethylene-glycol (meta) acrylate. J ] and cycloalkyl 
(meta) acrylate [ — for example. [. such as butyl (meta) acrylate and 2~ethylhexyl (meta) 
acrylate, ] ] anc aralkyl (meta) acrylate [ — for example. [. such as cyclohexyl (meta) acrylate. ] ]. 
such as benzyl ^meta) acrylate. and di(meth)acrylate [which has a bridge formation alicyclic 
hydrocarbon radical — for example Jsobornyl (meta) acrylate, dicyclopentadiene (meta) acrylate, 
JISHIKURO pertenyl (meta) acrylate, tricyclo deca nil (meta) acrylate, JISHIKURO pentenyl oxy- 
alkyl (meta) acr/late, tricyclo DEKANIRU oxy-ethyl (meta) acrylate. ] and hydroxyl content 
(meta) acrylate [ — for example. [, such as isobornyl oxy-ethyl (meta) acrylate. ] 2-hydroxypropyl 
(meta) acrylate, 3-chloro-2-hydroxypropyl (meta) acrylate, 2-hydroxy-3-phenoxy propyl (meta) 
acrylate, a 2-(rreta) acryloyloxyethyI-2-hydroxyethyl phthalic acid. 3-acryloyloxy glycerol (meta) 
acrylate, 2-hydroxy butyl (meta) acrylate, A 2-hydroxy-1-(meth)acryloyloxy-3-(meth)acryloyloxy 
propane, ], such as polypropylene-glycol monochrome (meta) acrylate and polyethylene-glycol 
monochrome (rr eta) acrylate, ]. such as Pori epsilon-caprolactone monochrome (meta) acrylate. 
glycidyl (meta) acrylate, and monochrome [2-(meta) acryloyloxyethyl] ASSHIDO phosphate, and 
halogen contenl (meta) acrylate [ — for example trifluoro — ethyl (meta) — acrylate — two — 
two — three — three - tetrafluoro — propyl (meta) — acrylate — two — two — three — four 

four — four - hexafluoro one — butyl (meta) — acrylate — perfluoro — octyl — ethyl 
(meta) — acryhite — etc. — ] — etc. — containing — having . 

[0037] In a Afunctional compound (2 organicHojnctions polymerization nature diluent) for 
example, the di(meth)acrylate of 2 and 2-dimethyl-3-hydroxypropyl -2 and 2-dimethyl-3- 
hydroxy propiorate and alkylene (polyoxy) GURIKORUJI (meta) acrylate [ — for example 
Ethylene GURIKORUJI (meta) acrylate, diethylene GURIKORUJI (meta) acrylate, 
TORIECHIREN( iURIKORUJI (meta) acrylate, tetra-ethylene GURIKORUJI (meta) acrylate. 
Polyethylene G JR1KORUJI (meta) acrylate, propylene GURIKORUJI (meta) acrylate, 
Polypropylene C iURIKORUJI (meta) acrylate, 1, 4-butane JIORUJ1 (meta) acrylate, 1, 6-hexane 
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pen TAERISUR1TORUJI (meta) acrylate, Hydroxy pivalate neopentyl glycol (meta) acrylate, di 



[ of the alkylene oxide addition products (ethylene oxide, propylene oxide, 
etc.) of bisphenol A ] [ — for example di(meth)acrylate [which has] and bridge 



formation alicyslic hydrocarbon radicals, such as di(meth)acrylate of 2 and 2-screw (2~hydroxy 
ethoxy phenyl) propane, — for example I such as tricyclodecane JIMETANORUJI (meta) 
acrylate and JI3H1KUR0PENTAJ1EN JI (meta) acrylate. and acrylic-acid (meta) addition product 
[ of 2 organic- 4 linctions epoxy resin ] [ — for example ], such as an acrylic-acid (meta) addition 
product of 2 and 2-screw (glycidyloxy phenyl) propane, etc. is contained. 

[0038] As a po yfunctional compound (polyfunctional polymerization nature diluent) For example, 
TORIMECHI ro I pro pantry (meta) acrylate, trimethylol propane TORIOKISHI ethyl (meta) 
acrylate, Pen TAERISURITORUTORI (meta) acrylate. pentaerythritol tetrapod (meta) acrylate, 
Dipentaerythritol hexa (meta) acrylate, tetra-methylol METANTORI (meta) acrylate. 
Tetramethylolmethane tetrapod (meta) acrylate, tris (acryloyloxy) isocyanurate. The Tori (meta) 
acrylate of tris (2-hydroxyethyl) isocyanurate, the Tori (meta) acrylate of tris (hydroxypropyl) 
isocyanurate, tiaryl trimellitic acid, triallyl isocyanurate, etc. can be illustrated. 
[0039] These ethylene nature unsaturated compounds are independent, or they can be used, 
combining then) two or more sorts. When an ethylene nature unsaturated compound can be 
chosen accord ng to the covering gestalt of an optical fiber, for example, it uses for the 
secondary coa' ing of an optical fiber, tape material, a drop wire, etc.. as an ethylene nature 
unsaturated ccjmpound acrylate [which has an N-vinyhnitrogen content heterocyclic compound 
(for example, [fil-vinyl pyrrolidone, N-vinyl caprolactam], etc.) and a bridge formation alicyclic 
hydrocarbon rsjdical (meta) — for example Isobornyl (meta) acrylate, dicyclopentadiene (meta) 
acrylate, In forming a hard coat, using monofunctional nature compounds, such as], such as 
isobornyl oxy-<thyl (meta) acrylate and J1SHIKURO pentenyl (meta) acrylate. in many cases the 
need — respor ding — a monofunctional nature compound — Afunctional compound [ — for 
example (Polycxy)]. such as alkylene GURIKORUJI (meta) acrylate and di(meth)acrylate of the 
alkylene oxide Addition product of bisphenol A, a polyfunctional compound [TORIMECHI roll pro 
pantry (meta) £ crylate] etc., etc. are used in many cases. 

[0040] the viscosity to which the class of urethane (meta) acrylate oligomer or ethylene nature 
unsaturated compound and a resin constituent ask for the amount of the ethylene nature 
unsaturated compound used — responding — for example, the urethane (meta) acrylate 
oligomer 100 weight section — receiving — the 10 - 200 weight section — desirable — the 20 - 
150 weight seciion — it can choose from about 30 to 100 range still more preferably. 
[0041] As a [(C) photopolymerization initiator] photopolymerization initiator for example, 1- 
hydroxy-cyclof exyl-phenyl ketone, alkyl phenyl ketone, or its derivative [ — for example A 2 and 
2-dimethoxy-2 -phenyl acetophenone, acetophenone diethyl ketal, ], such as propiophenone, 
such as acetopjhenones. such as an alkoxy acetophenone. or a derivative of those, and 2- 
hydroxy-2-methylphenyl propane-1-ON, or a derivative of those, benzyl dimethyl ketal, 
benzophenone, or its derivative [ — for example Benzophenone, 3. and 3'-dimethyl-4- 
methoxybenzop henone. ] and benzoylbenzoic acid alkyls, benzyl, or its derivative [ — for example. 
[. such as a 4 ajnd 4-methoxybenzophenone, 4, and 4-diamino benzophenone and a screw (4- 
dialkyl aminoph snyl) ketone, ] ], such as benzyl and benzyl methyl ketal, a benzoin, or its 
derivative [ben;:oin, ]. such as benzoin iso-propyl ether and benzoin isobutyl ether. Xanthone, a 
thioxan ton anc a thio KISATON derivative, a fluorene. The 2-methyl-1-[4-(methylthio) phenyl]- 
2-morpholino propane -1. 2-benzyl-2~dimethylamino -1 -(mono-HORINO phenyl)- Butanone -1. 
screw (2, 6-dirT ethoxybenzoyl) - 2, 4, and 4-trimethyl pentyl phosphine oxide, 2, 4, and 6- 
trimethyl phenyl phosphine oxide etc. is mentioned. These photopolymerization initiators are 
independent, or they can be used, combining them two or more sorts. 

[0042] The amount of the photopolymerization initiator used is preferably chosen from the range 
of 0.5 - 5 weight section (for example, 1 - 5 weight section) extent 0.1 - 10 weight section and 
often to the total amount 100 weight section of (A) urethane (meta) acrylate oligomer and (B) 
ethylene nature unsaturated compound. 
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[0043] In the resin constituent of [photopolymerization accelerator] this invention, in order to 
promote the photopolymerization reaction by the photoinitiator if needed, various 
photopolymerizjition accelerators (a trimethylamine. triethanolamine. etc.), for example, tertiary 
amine, a dialkylamino benzoic acid or its derivative, a phosphines (for example, 4-dimethylamino 
benzoic-acid, 4-dimethylamino benzoate, etc) system photopolymerization accelerator 
(phosphine system compounds, such as aryl phosphines, such as triphenyl phosphine. and 
trialkylphosphins), etc. may be added. These polymerization promotors are independent, or two 
or more sorts can be combined, business can be carried out and the addition of a polymerization 
promotor can bs chosen from the range of 0.01 - 10 weight section extent to the total amount 
100 weight sec Jon of for example, urethane (meta) acrylate oligomer and (B) ethylene nature 
unsaturated co npound. 

[0044] In order to prevent generating of hydrogen gas still more effectively, little addition of the 
stabilizer may t e carried out at the constituent of [stabilizer and antioxidant] this invention. As a 
stabilizer, a hindered phenolic antioxidant, a hindered amine system antioxidant, a sulfur system 
antioxidant, etc. can be used, for example. 

[0045] The compound which has the hydroxyphenyl radical which t~butyl permuted as a hindered 
phenol system stabilizer, For example, 2 f 6-G t-butylhydroxytoluene, 2,2'-methylene bis (4- 
methyl-6-t-bu1ylphenol), 4 and 4'-butylidenebis (3-methyl-6-t-butylphenol), A triethylene 
glycol-screw [( J-t-butyl-5-methyl-4-hydroxyphenyl) propionate], 1 t 6-hexanediol-screw - [3-(3, 
5-G t-butyl-4- hydroxyphenyl) propionate], Pentaerythritol-tetrakis [3-(3 f 5-G t-butyl-4- 
hydroxyphenyl) propionate], 2, 4-screw [(n-octylthio) -6-(4-hydroxy - 3, 5-G t-butylanilino)]- 
1,3,5-triazine, A 2 and 2-thio-diethylene screw [3-(3, 5-G t-butyl-4-hydroxyphenyl) propionate], 
Octadecyl-3-(J . 5~G t-butyl-4-hydroxyphenyl) propionate. A 2 and 2-thio screw (4-methyH6- 
t-butyl) phenol, a 4,4'-thiobis (3~methyl-6-t-butyl) phenol, N and N'-hexa methylenebis (3 5 - G 
t-butyl-4-hydr >xy-hydronalium thinner MAMIDO), 3, 5-G t-butyl-4-hydroxy-benzyI 
FOSUFONETO -diethyl ester, etc, are mentioned. 

[0046] As a hindered amine system anti-oxidant, it is screw - (2, 2, 6, and 6H:etramethyl 
piperidinyI-4-sobacate) and succinic-acid dimethyl-1-(2-hydroxyethy0-4-hydroxy, for example, 
- A 2, 2, 6. and 6^tetramethyl piperidyl polycondensation object etc. is mentioned. As a sulfur 
system anti-ox dant, dilauryl -3, 3-dithio propionate, dimyristyl ~3, 3 T -dithio propionate, distearyl 
-3, 3-dithio propionate, and pentaerythritol-tetrakis - (beta-lauryl-thiopropionate), 
JITORIDESH1R J -3, 3'-dithio propionate, 2-mercaptobenzimidazole, etc. are mentioned, for 
example. 

[0047] The add tion of these antioxidants is 2.0 or less (0 - 2 % of the weight) % of the weight to 
the whole resin constituent, and it is usually desirable from the balance of the amount of 
hydrogen generation of gas. and a cure rate that it is about 0.5 - 1.0 % of the weight. 
[0048] In the re sin constituent of this invention, various additives other than said component, 
such as stabilizers, such as an antioxidant except said and an ultraviolet ray absorbent, a 
plasticizer. an < rganic solvent, a silane coupling agent, a surfactant, a color pigment, organic, or a 
non-subtlety particle, may be added if needed, for example. Since the photo-curing mold resin 
constituent of this invention has the large cure rate by the exposure of activity beams of light, 
such as ultraviolet rays, hardening effectiveness is high and the hardened material of the resin 
constituent ger erated by optical exposure has remarkably few yields of it being not only low 
water absorpticn but hydrogen gas. Therefore, the approach using said resin constituent is useful 
as an approach of reducing the yield of absorptivity and hydrogen gas and reducing the 
transmission lo ss of an optical fiber. 

[0049] Moreove r, the resin constituent of this invention is suitable as an ultraviolet curing mold 
cladding material which covers an optical fiber indirectly through a primary [ at least ] enveloping 
layer (primary I iver). That is, the resin constituent of this invention can be used for the tape- 
ized material for tape-izing tape core wire which consisted of an ingredient (cladding material) 
for fiber strands, such as a secondary enveloping layer (secondary layer) of an optical fiber, and 
the 3rd envelop ing layer (coloring matter layer), and two or more fiber core wire, the coating 
material for drcp wires, the cladding material for waterproofing fiber cables, the shock absorbing 
material for sut marine cables, etc. according to the properties (Young's modulus etc.) of 
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hardening resir. The optical fiber indirectly covered with the hardening film of such a resin 
constituent cai cover an optical fiber with said resin constituent indirectly, and can obtain it by 
stiffening said (Jesin constituent by optical exposure (especially UV irradiation) 
[0050] 

[Effect of the Invention] Since the polyurethane (meta) acrylate which contains aliphatic series 
macromolecule polyol as a polyol component is used for the photo-curing mold resin constituent 
of this inventio i, it can reduce greatly water absorption and the amount of hydrogen generation 
of gas, and can form the cladding material of high Youngs modulus. Moreover, although 
photoresists, such as N-vinyl pyrrolidone, are high, even if it uses an ethylene nature 
unsaturated co npound with high water absorption or the concentration of a urethane group 
makes it high, the cladding material of low water absorption can be formed. Furthermore, even if 
it does not add stabilizers, such as an antioxidant, the amount of hydrogen generation of gas can 
be reduced remarkably. Moreover, even if the dose of activity beams of light, such as ultraviolet 
rays, is little, w iile a high photoresist is shown, the property of a resin constituent is 
maintainable or high level. Therefore, contamination by hydrogen is controlled, there is no 
possibility that transmission loss may increase, and dependability, especially the long-term 
dependability or an optical fiber can be raised. Therefore, the photo-curing mold resin 
constituent of this invention is very effective as a cladding material for optical fibers 
[0051] 

[Example] Although this invention is explained more below at a detail based on an example, this 
invention is not limited to these examples. 

(1) Synthetic [dkmthetic example 1] hydrogenation dimer diol (Toagosei make and trade name 

PESUPORU KP-1000" OH ** 200 mgKOH/g) 5.49kg of polyurethane acrylate oligomer and 25g 
of potassium hvdroxides were prepared, and the addition polymerization of the propylene oxide 
4.51kg was carried out at 1 10-120 degrees C under the nitrogen air current. Filtration removed, 
after adding wa :er and a synthetic magnesium silicate (the product made from Consonance 
Chemistry. "KYOWADO 600") after reaction termination and making a potassium hydroxide 
adsorb. Subseq jently, it dehydrates until a moisture content becomes 0.05 or less % of the 
weight and it is the polyether ("DDP-1000" is called hereafter.) of number average molecular 
weight 1000. 56 0 % of the weight of hydrogenation dimer diol residue contents was obtained. 
[0052] [Synthetic example 2] ROKUSA Norian (about 80 % of the weight [ of 12-hydroxy stearyl 
alcohol contents ]. Henkel Hakusui make, OH ** 357 mgKOH/g) 3.1kg and 25g of potassium 
hydroxides were prepared, and the addition polymerization of the propylene oxide 6.90kg was 
carried out at l|lCM20 degrees C under the nitrogen air current. Filtration removed, after adding 
water and a synthetic magnesium silicate (the product made from Consonance Chemistry, 

KYOWADO 60jO after reaction termination and making a potassium hydroxide adsorb. 
Subsequently, if dehydrates until a moisture content becomes 0.05 or less % of the weight, and it 
is the polyether ("LXP-1000" j s called hereafter.) of number average molecular weight 1000. 21.8 
% of the weight jf 12-hydroxy stearyl alcohol residue contents was obtained. 
[0053] [Synthet c example 3] Mixed liquor (2 and 4-tolylene diisocyanate 696.8g and "DDP- 
1000 1000g obtained in the synthetic example 1) was made to react at the temperature of 70- 
80 degrees C urlder nitrogen-gas-atmosphere mind for 3 hours. Subsequently, after cooling this 
reaction mixture to 40 degrees C, the inside of a reaction container is permuted by dry air. and 
they are 2 and ( -G t-butylhydroxytoluene (BHT) 0.72g and diazabicyclo. -(2.2.2)- Added octane 
0.24g and 2-hycfroxyethyl acrylate 696g, it was made to react at the temperature of 60-70 
degrees C for 3 hours, and polyurethane acrylate oligomer (''Oligomer A" is only called hereafter) 
was obtained. 

[0054] [Synthet c example 4] 2 and 4-tolylene diisocyanate 209.2g, tetramethylen ether glycol 
(number average molecular weight 3000) 171.9g. "DDP-1000" 79.6g. tripropylene glycol 28.7g 
obtained in the Synthetic example 1, To the resultant acquired like the synthetic example 3 using 
ethylene screw hydroxyethyl sulfide) 5.8g BHT 0.21 g, diazabicyclo -(2.2.2)- Octane 0.07g and 2- 
hydroxyethyl aciylate 204.8g were added, and polyurethane acrylate oligomer ("Oligomer B" is 
only called hereafter) was obtained by making it react 

[0055] It replace d with "DDP-1000" of the example 3 of the [synthetic example 5] composition. 
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and polyurethar e acrylate oligomer ("Oligomer C" is only called hereafter) was obtained like the 
synthetic example 3 except using "LXP-1000" obtained in the synthetic example 2. 
[0056] It is made to be the same as that of the example 3 of the [synthetic example 6] 
composition. 2, B-tolylene diisocyanate 522.6g, Tetramethylen ether glycol (number average 
molecular weight 3000) 324g f Polyoxypropylene glycol (number average molecular weight 1000) 
150g f Tripropyle ne glycol 65.7g and ROKUSA Norian (about 80 % of the weight of 12-hydroxy 
stearyl alcohol contents) 125.6g are made to react. To the acquired resultant they are BHT 0.5g 
and 1 and 8-diatabicyclo. -(5.4.0)- add 2-hydroxyethyl acrylate 464.0g and UNDESE-7-en 0.1 6g 
and by making i : react Polyurethane acrylate oligomer ("Oligomer D" is only called hereafter) 
was obtained. 

[0057] It replac >d with DDP-1000 of the example 3 of the [synthetic example 7] composition, 
and polyurethar e acrylate oligomer ("Oligomer E" is only called hereafter) was obtained like the 
synthetic example 3 except using the polyoxypropylene glycol of number average molecular 
weight 1000. 

[0058] It replac sd with DDP-1000 of the example 3 of the [synthetic example 8] composition, 
and polyurethar e acrylate oligomer ("Oligomer F" is only called hereafter) was obtained like the 
synthetic example 3 except using the tetramethylen ether glycol of number average molecular 
weight 1000. 

[0059] [Synthetic example 9] 2 and 6-tolylene diisocyanate 871 g, tetramethylen ether glycol 
(number averag 5 molecular weight 3000) 540g, Polyoxypropylene glycol (number average 
molecular weight 1000) 250g, It is made to react like the synthetic example 3 using tripropylene 
glycol 109g. To the acquired resultant, it is BHT. 0.82g, dibutyl tin JIRAU rate 0.27g, and 2- 
hydroxyethyl acrylate 947.0g were added, and polyurethane acrylate oligomer ("Oligomer G" is 
only called hereafter) was obtained by making it react. 

[0060] (2) "Oligomer A" - "Oligomer G" obtained in the preparation examples 1-7 of an 
ultraviolet curing mold resin constituent and the example 1 of a comparison - the examples 3-9 
of 2 compositio n, An acrylic monomer (isobornyl acrylate, N-vinyl pyrrolidone), a photoinitiator 
(1RUGAKYUA 1^4:1 -hydroxy cyclohexyl phenyl ketone — ) IRUGAKYUA 1 700:screw-(2, 6- 
dimethoxybenzc yl)- 2, 4 f and 4-trimethyl pentyl phosphine oxide / 2-hydroxy-2-methylphenyl 
propane-1— ON jF25/75 % of the weight mixture — The ultraviolet curing mold resin constituent 
of the presentation which all show in Table 1 using the Ciba-Geigy make was prepared. The 
water absorptio i of a hardening coat, a hydrogen yield. Young's modulus, and elongation physical 
properties were investigated as follows using the obtained resin constituent 
[0061] (3) Appl^ said ultraviolet curing mold resin constituent on an evaluation approach 1. 
sample preparation glass plate at about 200-micrometer thickness, and they are the inside of 
atmospheric air, and ultraviolet rays Exposure 50 mJ/cm2 And it irradiated by 500 mJ/cm2 
(wavelength of JlSOnm), and the hardening film was obtained. 

2. After leaving a hardening film for 24 hours or more under 23 degrees C of measurement of 
Young's modulu >, and the ambient atmosphere of 50%RH, the modulus of elasticity in tension 
(Young's modulus) was measured 2.5% the condition for 25mm and speed-of-testing [ of 
1mm ]/between the marked lines. 

3. Tensile strength and measurement exposure 500 mJ/cm2 of elongation after fracture Under 
the ambient atn osphere of 23 degrees C and 50%RH, after leaving the hardening film which 
irradiated ultraviolet rays for 24 hours or more, it was measured the condition for 25mm and 
speed-of-testink [ of 50mm ]/between the marked lines. 

4. Measurement exposure 500 mJ/cm2 of amount of hydrogen generation of gas After having put 



m into the head space bottle after leaving the hardening film which irradiated 
jnder the ambient atmosphere of 23 degrees C and 50%RH for 24 hours or more, 
and leaving it at 100 degrees C for 48 hours, the amount of generation of hydrogen gas was 
measured with l|he gas chromatography. 

J1S of water absorption It measured based on B law of K7209. That is, weighing 
weight (W1) of the hardening film produced by the approach of the above "1. 



5. Measurement 
capacity of the 



underwater [ 23 



sample preparation is carried out, attached groundwater is removed after 24-hour immersion to 



^degree C ]. and weighing capacity of the weight (W2) is carried out. 
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Subsequently, 
weight (W3) is 
Water absorpti 
[0062] 
[Table 1] 



t dries at 50 degrees C among a desiccator for 24 hours, weighing capacity of the 
sarried out again, and water absorption is computed by the following formula, 
i jn (% of the weight) = [(W2-W3) /W1] x100 result is shown in Table 1. 
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&lc*FSL<rM 5-7 0iI%S8t*^ 0 §Bffi&S 
J '*tt« «t?* 'J iU©T«l»**l*. 
*52 J O— 1 OOOO, *F£L < 1*2 8 6- 5 

Ii. #y^L"*> L/— h±«fl)1 -SO 

»* ,<li2~40Sl%. $6le»*L<l± 



3-3 o^*%gs<x)«a^^s^-e#^c * 

^^ 7 -.;t-K'll ^?'J<7U^> (>*> 7* 'J 

ttSSTCfcy* i2-tKD^f7»J^7M-/t 
"CI*. 7^Jl/-Hi^1-1 
4S1%. »*L<(*2-1 o^*%fiK-rrfcoo Bgtt 

*SMB*»««*I=»<««- *«<?*£* ifclbgcD®* 

Am<ttyr*, fltftMHrt*. 2*#a, -r— ^» 

[0 0 2O] tflffi©*S (A2) (A3) (D*'J'>U*> 
*) 7*7 U U — h(e|5l^T, S^ttSlS^^ , J5t— ^ 

£LTI±. *Ux— t-JU/K'J^"— /U. #'JXXW#'J 

20 x— f ;i^K U 5J-— ^ * C R^ * ft* * 

[0 02 i] #'ji-f^#yt-^tLttt, es* 

Ii. 7A^U>**vK x^u>**~>h\ 

3 £ Kd 7 5 CZ-5 T 

;u*U>3f+^K) (D^tt£^*ZI*^S^». tfX7 
x ;-^A(D7^u>t4v K (W^ii. ^aeu> 

if) WJa*. *atf^7xy— ;uA<DTiU^u>*-*^> 
K («*tt* ^atfi^>**S/K. ?^^^>F- 

Kb(D#ux- tji*#u ;n*aa-t?xi*xsui-t«i 
^*>ifCflSffl-e#*- WLo#Vx- riU^H 'J 

iHZl*. C2-4 7Wl/>3T^>K, 1#|CC3H 

» <D**XI*^SS(* (^'Jt^at'u^Ua 
t Kn"75>k^Ptru>3l"**-f Kfc 

I*, 2OO-1O00 0§gtfil)o 
40 [0 0 2 2] Ttf'JXyWMi'U*-— LTI*. 05*. 
Ii, >^-^*» x^u>^«j=i-;u. ?n 

t h7>f l/>^ l J=i- iU. i. 5 
>^^— 3 -y ^;u- 1 . 5 -^<>^ >v*— 

^) <k, ^ h> («*(** £-*^07^hX 5~ 
/Nl/D7^h>. £ T^U- S-'VUC 

if) t<Dft»SIC» : ±«5/3j— JKt»*. 
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j£#£^S 



^tf 'J *--iU 
^7 US > OS 

-9 5/5 ( 

1 o 

2 5 (SJtJt) 



[0 0 2 3] **— htfU*— JI^LTI** « 

y?Deb>yj3Hk 1. 4-3?S Zsi>7t—Jl>. 

^Vvt-ik ^>f^'J3Hk 1. 5-*s 
S^vjJ-— ;u. 1. 9->t>vt-iU 1. 10-K 

^ «, 4 _e (t KD+V^^U) vSP^^* 
fc«»5?TJI^JUA — K 

U*^**— /U^Wf 6*t*- UE^'J 
(x^U>**:> h\ ^Dt'U^vK. ^UVJf 

t?fc5*'J I- f ^i?t-^# 'J xXf JI/vt-^«E 

LTt*. rfXt7x>2020Ej 
-fi;L (tt) S) , TDN-980J. fDN-98 
2 j n&XS f C N — 9 8 3 J (B2M*M^US V (4*) 

St) ttf^H'&n*. 

too24] wie (ad tK^usv os) 7S«;u 



a1) ft««»S+t*. flrSaltt (A2> M 
) 7S U U— ht'J^- UjSHT, 
*— )V (al) ,!:ffi<7>^U*->U (a2) <fc 

(al) / (a2) = 5/9 5 
tfc) „ Kf$L<!^lO/90-90/ 
£GIC*?2:L.<I*2 5/7 5-75/ 

f£®-efcs<> aMassa* (A3) 



fil^TI*. flifliteS^TK'J^-^ (al) SfllUfctf'J 
*}US> O^) 7^'JU-htUi7- (Al) £<tb£> 
tK'J:*-— iU (a£) ^JBl^ttf'J^US > OS) 7SU 
U- h £<B 91^ ^'JOl/^> OS) 7 
/7,j u-h^'l=fv-S^«5 (A3) 

tfU^US^ OS) U-ht'J^V- (AD <t 

»<05KM*-JL, (a2) *ffil^5K'J^US> OS) 7 



#) =5/9 5-9 5/5 (Sfttt) , »*L<tt1 O 
/90-90/1 O (Mttt) . ?^IC»^L<I±20 
/8 0-8 0/2 0 (m**fc) SfiT'fcSo 
[0 0 2 5] E KD»viU» f#t& OS) 



tKD+y^S^t^ OS) 7S'JU-h£LT 
I*. WtU*. t Kp^v7JI/^ OS) 7S'JU-h 

2-t Ko4vif^ OS) TS'JU- 
K 2-t KD^>^D fcfJU OS) 7^'J^h. 3 

10 -t KD^^QtfJW OS) 7S'JU— K 2-tF 
P^->^>U OS) 7SUU-K 

OS) 7^'J U'K O 
S) 7SUU— K ^+r>v*— OS) 7S 
ijL/^h, ^>f^y0 3-^^ O^) 7S'J 
u _ hJttifO t Kd^>-C2-io (^S) 7S 

U hftif] . 2-t h*P*V-3-7i-^V 
^D^l (-^S) TS'JU-h. 2-tKD+v7W 
;l OS) TS UP'f ;u7t^7x- 
vy^QA^u (^S) 7S 'J U— hU>^o — 

20 j^D/Oy OS) 7SM U— -<>SX'J^ I J h 
-jUh'J OS) 7S U U— httiftftlf 6*u 

^iu-yu vy;i/X-f;k 7 WU^'J yv;i/X-f;U. 

(-^S) TS'JU-h^^) ^ 0 5> 7S 

tKD^y^fttfi 0 5) 7S'JU-M*. tK 
D^yC2-4 7i^ OS) 7S'JU— ^1^2- 
30 t Ko^rvlf ^ O*) 7v'J U- h. 2-fcKd* 
v^Dt^ OS) 7^'JU-K*«M. 

[0 O 2 6] #'J^V->7*— b 
Tt^'J-f Vy7*"M:il ^StSl^'J-f V->7*-K 

^ssK*^'^v*>7^h. m#>J^r v->t^ 

-h. BSIW&tfU-r Vv7*— HttiT^^ft*. *'J 
>f V v7*- H i: LTIiv-f V>7^- h#i£ < ffltx^, 

[O0 2 7] *§tfev-< V5>T*— h<bLTli. W^- 
m-7i-U>y^Vy7^K p-^x-U> 
40 y^Vy7^-K 4, A' -y7i-^y-<Vy7^ 
— 1. 5-t7^1/>^Vy7*-h, 4, 4' 
-y7iiil/^>y^Vy7^k 2. 4X1*2, 
6-h'Jl/>y^fVy7^-h. 4. 4' -hMv> 
y<fVy7*-K 4, 4' - v ^ x -^I-f^vV 

4' . 4" - h'J-f v>7*- 1 . 3, 5- MM 
Vi>7^— h^<>if 2, 4, 6-h'J-<V~>7*— 
hMUX 4. 4' -v37x-;l//5>-2. 2' . 
50 5 . 5' — ■f" H9-f Vy7^~ htEif*<W^"C^^o 
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COO 2 81 SlFBlHrtS^-< V->7*— HtUTtt* & 



1.3- 

1 , 4-Vlf 
(1 - ^VvT 



3. 5. 5-h 



i,K>if>, 1. 3-XI*1. 4-tfX 

[O0 2 9] SB3*£v-f Vv7*-ht LTI*. 01*- 
If. 1. a-y^D^^f^VvT^-K 1- 4 
/v^fVyT^K 1. 3-v?Q^ 
7*— K 3-<Vv7*-M^I 

y->7*— h) . 4. 4' -^^U>t* 
>;U*f y->7*— H . >^;U-2. 4 

;-f-;v7*-K 1. 4 -ex («rv 

1, 3. 5-h'J-fVv7*-h^Ci^^ 1. 
3, 5- MJ**JU-f V->7*- hv^D^ifX 2 

i/T^— -tf >^a (2. 2. 1) 

(>T V5>7*- - 1=->? a (2. 2. 1) ^ 

3- (3--fV'>7*-h?Otf« -2. 5 
-5/ «Vv7^-h>fW -fcf->?n (2. 2. 
1) ^Z?5 5- (2->TVv7^-hXfJl/) -2 
--fVv7^- h/^;U-3- (3-<Vv7^- 
□ ejU) -tfv^Q (2. 2. 1) 6- (2 

-{Vv7^- hXf;U -2 — fVv7*-h^f^ 
-3- (3HVv7^-K^ae;H -fcfv^D 

(2. 2. 1) ^:7?>. 5- (2— fVv7*-H 
^JU) -2 — |Vv7*-M^-2- C3-- • fVv 



6- (2- 
Yfzs?n (2. 



7*— K7*PtX) - tf~>^ □ (2. 



-fVv7^"Vxf^) -2--fVv7 
2- (3-^7v7^-K^Dejl/) - 
2. 1 ) >ttfc'*«#|*T?#*. 



[OO30] «i)»1K^Vv7*-h£LTf*. ffl* 
(£. h'J>f lOv>f Vv7*-K T-h^>^u>i; 
<f Vv7^-]-, L/>vWv7^-K ^ 

>*;*^L>>i?-< V->7*— K 1. 2-^Ot'L/>v 
-<Vv7^-K 1. 2-^l/>^Vv7*-h, 
2. 3-?f l^>v^V*>7^-K 1. 3-?^U> 
?-fVl/7*--K 2. 4. 4-3U3:2, 2. 4-h'J 
^^iU^-y-Jt^UVv-f V->7* — K 2. 6--J<< 
yv7*-K l f^^H3X- h^^fS^lf^wt^ 

t?^^» BiKifeTK'J-f vv7^- h^LTii. 
e;>i^fji,h'H v->7*— k i. 4. e-h'j 

V->T*-L;i-?5>. 1. 6. 1 1-h'J-fV'>7 



^— h^>^*)>. 1. 8-v-f Vv7*-h-4- < 
V>7t-Mm^^>. 1. 3- 
7*-_K/v*-*>* 2. 5. 7 - HJ * 1 - e ~ 

V v7^- h-5-TV>7^-M ^ju*^ * > 

[00 3 1] 3^1^ -f Vv7*— hfc**KOK«M** 

10 -f Vv7*-h (^7JI/-KMD I, c-MDL #'J> 

(003 2J Ctt&stf'J-f V>7*— KG>5*, V 
.> 7 *_h (0**J£* hUU>vVVv7^-h, 4, 

5<vv7*- K -f V*Dy-f VW*— hfc£G>Ba 
20 #LN e 

[0O33] fcfc\ ?H'J^U^> 7^'JU-h 

^^yvy^-hl (NCO!) 1*JU=S*L 

^'Jt-i^tKP^-y/H (OH*) 0. 1 
~0. 8^k »$Klio. 2-0. 7^;u 
O. 2-0. 5^EMiffi. tKa+yJUSS 
7^ui/-ho. 2-o. 9^b;u. CltO. 3 — 

30 O. 8^^U. ^I^O. S-O- 8^6JUga*efeSo * 

[0 0 3 4] ElClZfiSLTte. ^isfxtw&tm^x 

I*. h'Ji^U7£>. N. N-v>^^*>^ 

40 D^4y^7 5>. N , N. N' , N ' -^h^>^;t 
X^U>^7 = >, N r N. N ' , N ' -f h7>f^ 
^□/<>- 1 t 3-^7^ N, N, N' . N T" 
K i 5>^;U^-=f 4 f >— 1 6 -v7 S >s N , N 
N' N " . N " -^y^>^lyXf U>h'J7 5 
N . N. N ' N" . N" -^<>^ >^iU^^a tf 

l/>h'J75Xfh7^f^7-y>. MJitl/ 
>>75X N. N ' -y>f^e^y>> N-*^ 
;U-N' - (2-yyf/U7i/X^) tX7v>. 
N _y j. si ,^)\,frt) > % N- ( N ' , N -v>^7 
50 €^';>. 1- 2-vVfMi?7- 
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i 



8-vTMft: v^D- (5. 4. O) -0>X 

x> (qbu, fc^T/ca>^x/-;uS, 

vZiftfv^P- (2. 2. 2) 
> (D AB(tO) . v/fjb7^lVHk V 
>^;U7Syx (^rvX^/-;k N . N, N ' - h U 

N' - (2-fc ^Q^vXfjU} tf^v>. N- (2 

- 1 Kp^vx-^) ^w*y>, tfx C2-^>^;u 
7 = /ifji,) ::— ^/u. xf i/>^'Ja-JH:^ (3 

yiH) x— r-;U. fcf* (2, 6-^*-JU*iU*U 
irLXtt, 2- 



TO. OO1-0. 5£i%. »£L<(XO. 002- 



[0 0 3 5] [ 



"J U- h#*f] 
7^ 'j;u7S 



<b) x^u^^ia«»bi 



x^u 



u (i s-3o°ces) -e»**fci*B*a>** 
[0036] jjteesi4<t*«i <*«aa*tt*»HB) k 

(x\ N-fcfxn bTcnj n- tf— it-tf y n- 



^e;u*y> (>*) i/-h, f h~u?)i>y 



^yu-Ksfa)«*w <>*) 7* 

N-lf-^UT-t? K7 5 h\ v?7;U^U 

7Jm*v (tf'J) t;u^u>^'J=i 

7^'J U-h. ^h4v*'Jlf 

u>y>j=i— it 7 r ^ , ;u— h«C4:] . 7;u*yu 

7i;^>i^i/ 7?'JU-h CWAli- 

JU^xy^r^^l^JU 7^'Jl/-h6^] . 7i 

/^v <#■;) 7WU>^J3-^ 7^0U 

K ^;^'JX^U>>/'JZI-;U (/S) 7?y 



<S\ z??)l, O?) 7^'Jl/-h, 2-x^;U^^->ib 
T*yu-ME£] . v^7^ (>*) 

u~h££] . 7^;u^ r^yu-h [«* 
&{t*5k&zm*zv o*) 7^ui/-h [mm** 

7^'ib-h, h'Jv^Qf^-^ (^?> 
10 K ^v^n^>f^Ut^y7^^ OS) 7 

?yu— K h'Jy^nr^-W^vXf^ O^) 
T ^,j U _^ -fy^-;^vxfji/ <>^) r<? 

-h [Ml 2-tKD+v?De;b TO l ) 

7>?iji/-h, 2-t Kfl*y-3-7i/*^Q tf 

(^5) T^'JU— 2— T^UD-fiU* 
4vifil,-2-t Kn^v^^^^J^ 3-7^7 

■jo-r iir**5/yy-tey> 7^'J l^-k 2- 

20 t Ko+v^fJl/ C>^) 7^'J U-h, 2-tKD* 

y O?) T*y hftif] , tH'J £ -*"?n^>7 h 
7^'Jb-K ^yvv;u (>*) 

IjU— [2- (>^) 

JU] 7-r>K7t"i- KPif] . /^o^>$* C> 

^) 7^'H — h. 2. 2, 3- 3—' T> h^^/U^a^ 
30 Otfjl, (/^) 7^'J L/-K 2. 2, 3. 4, 4, 4 

ju^-a^^^;ux^^ 7^yu— hftif] ftf 

[0 0 3 7] =WflSffi<to#5 (2fllll*tt*«») 
IX. Wx.lt. 2. 2-y^W-3-tKa^>^De 

0)^ 7$yU-K (*y***» 7JU*^> 

40 -;uv 7^UU-K h'Jx^i/^'Ja-^ 

v (>^) 7^yu— h. f h^xfl/^'Ja-^v 

-5) 7^'JU-k ^Dt" L/>yy 3— 7 

u-k #y ^Ptfu>yy3-/ui? c>^) 7^7 

1f 4-^>yt^v 7^yu 

- K 1 , 6 .#*>5>*— JUv 7^'JU- 

h. ^>f^'J3HUv 79VU-K 
^>5>>vt-/L,v 7^ , J!/-httf] , ^'J 

50 7^ui/-K ^>U'Jx'j h-;u^ 
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*) 79UU-* 2. 2-t'X (2-tKD 

7^'JU-h [1 Willi, h 'J a^rJj > v> 9 / — 
v 7 0 ) Is— K vv^a^yi>v (> 



[o o 3 8] £ 

7* 'J U— K 
7? 
7?V 
79'J 

-r v->7* u— I 



*) 79 U U— 



j K ^i'JX'J I — JUMJ 
L/— ' h* *<>£x'j;*<J I — il'f h7 

L/— K f h7>fn-M$>f h7 
L>— K MJX (7^'JP<mv) 
K h'JX (2-tKD*vX^) -f 
VW*U— hb) h»; (/^) 7^'JU-h. KMX 
( t Ka^v^P t°;U) -fVv75lU-KDhU (> 

K h'jry^h'Jj* "J* HK. MJ7 

[0 0 3 9] cJ*l^<DX^-U>ttTftjpQ^^1»li. m± 

*7 7^/^-^»I^T-?tt, Ka y ^7 
t. N-£=JL-Sii**4URail:*tt [«*tf- N- 

-<V7f<;U—^ 7^Ul/-K v->9 

□ 5?xi (;*9) 7^Ul/-h, <v^-W 
4vX^ (> 7^«JU-K ^n><>f-/l/ 
(*9) 7 9 'J h«c*fl «:iffl!)*BSittikd»*ffl 

iriscTmtffiWk^^^ifz. --gffittik^tti [ffl 



WM«w>s; C>?) 79 y u-hfcif] *>^*SH±tf:^ 
[ h'J>^c — ;u^a/<> hy (>9) 7^VU-H 
ft if] ttifEJIliftVfttfSL*. 
[oo4 0] 3t^^>1$^fi«Hbd«ia)ttffl*tt. 
* > j 9 u i-:*-y -^x^uvti^fiS 

t\ eg*hf. 4^9> (>*> H*y=fT- 



1 O OSifflJlCxJLT, 10-2 0 0S19, *P*L< 
(±2 0-15 0118, $bi:»*L<lt30-10O 

[O O 4 1 ] [(C) 3tem*88»«l^ L 

2. 2-v?> h^Fv-2-7x— JU7-fe H3> 
x/>. 7th7i/>^If/^Hk 7Jl/3^> 
7-bh^iy >fti:(D7-te h^i> >Xli*0>33H*~ 
10 2- t Ka+v-2~>f;^x-J^Py<>- 1 — >f 
XctCD^ae^^x^VX^^^gai^^if] . 
vji^y ^;u^9— K>v^i/>ziWoai* 

[fcliU*. K>y"7xy>, 3, 3' 
^h^>^i/>, A, 4' h^r^^^V^ 
i;>, 4. 4' -y7SM>77i/>, t:X (4 
-v7;^7S/7i-^) >rh>?iif] . sOy* 

20 tfjux— ir;u. ><>y>f v?^;n- . 

2 - i>> ^-JUT H / - 1 - {ty^u^^i- 
;U ) -3^^ / >- 1 . ex (2, 6->7 h^rv^/ 
-<JU) —2. 4. 4 - h U > f J^>f i^X7 < >t 
+ h\ 2. 4, 6- hy^^^^x^JUThX^^O^- 

30 [O O 4 Z] #£^l»*affJa>ffiE*[£. (A) 

(>^> 7^y U— ht'Ja % 7-8J;tf (B) x^U> 
tt^fB»fc*1»©««i ooJIWicWL-C. O. i~ 
i OS*»> »^U<(io. 5-511411 i 

40 -^^U7S>9Sm 4-^>^>U7S/S©S 

x -ju^7 k 7w>fe^<07 , J-;u^x^-r hV7;u 

^U^> 7^«J U— h^-U=fV— fcd:t^ (B) 

x^-u>t$^fiSfaifc^!}$5a)l£«:i ooilflii^LT 
o. o 1 - i os*«JeSto85ffi*^a^-c-#4 0 
[0O4 4] [BK*- »tl»it«] 
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[0 0 4 5] t K?x/ — /UjRSSM^LTIS* 



2. 6-v- t -^^;Ut Kp+v h 

-no .4. 4- -^f jf>ex o 

I* c (3- t -^^;u-5->^;i — 4 
n;u) ^atf*-*— h] . 1. 6-^ 
-fcfX- [3- (3. 

fU-^ h^^X [3- (3. 5-V-t 

bfX [ (n-3j-?^A^3f) -6- (4 
5 — ^— t -Z?T)[,T — l )S) ] - 

5-v- t -^^;u-4- 1 KO^v7 



;ux>. 2. 2 
ju-\£ 

-t KO^>7 

;u-4~t Ko 

-3?^;U-4- 
h] . 2. A- 
- 1 Kn^v- 
1 . 3. 5- h 
7. [3- (3 

x-/u) yntte-*— H , ^-^^T->;u-3- (3. 
5-l/-t-^f;i/-4-tKP^>7i-;i/) tf 

K 2. 2' -5^tfX (4->^;U-6-t- 
- 6 - t N, N ' + 



t -^;u-4-t Kn+>- 

£ K) % 3, 5-^-t-^;U-4- 

>$f- KT £ >»B1blttJtM£ LTI±. 
(2. 2. 6. 6-t h^t+JUH**) 

->x^;u) -4-tKP*v-2, 2. 



L/>ex (3. 
b KD^t^l 



[0 0 4 6] b 

tfx- 

i?— /u— 4 — -b 

C2~t KD* 
6. 6 — "T" K 5 

-3. 3' -i ft^om-K vS'JXfib- 
3. 3' -yft^Pkfn-h, vXf7'j /U- 3 
3' -S?*3f3 'ntftf-*— K ^>5i'M'JI — 
fh7*X- j9 h) 
vh'Jfy/l/- 3. 3' — 2^3f^nfcf3j-*— K 2 - 

[0047] atL^mkflftihlWO^*^. SSL ttffi 
««»tW:>'Lt2. 0lt%iilT (0-211%) 

[oo4 8] 3 mvMz>wmmiSM\z\*. aerate -cm 
<)>7%l tnixttm. «&b*l *«*£i*««hub 



Wb&BA<:fc*l*fc*>* ®<b&l**<SK . y 
[0 0 4 9] *««4>«BBriHMi. *fc<fc* 

*ttic«ta-r*sR^H6a<bfi«a*rfc lt»b-c»4. 

10 ttt^, *««<D»l|g*fi£1ftH4* «1b«B0>»tt 

>4r>j») . 3*ttBB (BftttB) ftfc'©77-r/« 
5 ft»§gtta»a)WbBt?lSittwi-tt»* t -r 

20 4:1=:* y»*C 

[O O 5 O] 

[«QB4>2ftX] *B«a>3fcK1bfittB»Kttl±. ^'J^ 

30 s«*astou*:<r*. **^*ti$fi<we 
**l9a>5fe®^bB»flS««1»tt. 
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